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� � � � �

� � � � �

� � � � �

� � � � �

nap��� ��� � � nebo � � � � �

� � � � nula 
� � ��

� � � � jedni�ka 
� � ��

V ka�d�m kone�n�m t�lese existuje primitivn
 prvek

�� tzn� takov� prvek �� �e 
�	 �� �� 
�i� 	 � �i

P��� �� � � ��� � �

� � �� � � � � �� � �

� � �� � � � � � � �� � � � �

� � �� � � � � � � � � �� � � � � � �

NLP������� Lin� k� � �� ��������� c� A� Pluh�
ek

K�dy BCH � �

P��� � �� �� �� ��

�� �� �� �� ��

�� �� �� �� ��

�� �� �� �� ��

�� �� �� �� ��

� �� �� �� ��

�� �� �� �� ��

�� �� �� �� ��

�� �� �� �� ��

�� �� �� �� ��

� � �� 
 �
� �lze v�ak pou��t tak� ���
���

�� � �� �� � �� �� � �� � ��

S�
t	n
� XOR nap��� ��������

N	soben
� �i � �j � �i� j � nap��

�� � �� � �� � �� � �� � �� �

� ��

P��� GT
�$� � GT
���

i �i

� � � � �

� � � � �

� � � � �

� � � � �

i �i

� � � � �

# � � � �

$ � � � �

! � � � �

i �i

& � � � �

( � � � �

�� � � � �

�� � � � �

i �i

�� � � � �

�� � � � �

�� � � � �

�# � � � �
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K�dy BCH � �

k�dy BCH

Bose ' Chaudhuri ' Hoquenghem�

�zjednodu�eno�

k�dy 
n�k� pro opravu t chyb 
tj� k�d tEC�

n � �
 � � a m � n� k

� je primitivn
 prvek t�lesa GT
�m�

H �
�
�� �� � � � �n

	
kvzd � � � � � SEC

H �

�
�� �$ � � � ��n

�� �� � � � �n

�
kvzd � # � � � DEC

H �

�
��# ��� � � � �#n

�� �$ � � � ��n

�� �� � � � �n

�
A kvzd � ! � � � TEC

���

P��� n � �� �� GT
��� �� �#bitov� prvky

kvzd � � �� m � # �� k�d 
����$�

kvzd � # �� m � �� �� k�d 
������

atd�

Pozn�� Uveden	 k�dov	 vzd	lenost je tzv� zaru�en	�

Skute�n	 k�dov	 vzd	lenost m��e b�t v�t�
�
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K�dy BCH � �

P��� k�d
�#�!�

H �

�
BBBBBBBBBB�

� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � �

� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � �
� � � � � � � � � � � � � � �

�
CCCCCCCCCCA

Roz���en� k�dy BCH
parita nav
c � oprava t chyb 	 detekce t�� chyb

�srov� roz���en� Hamming�v k�d�

N�kter� roz���en� k�dy BCH
kvzd n k n k n k

$ �$ ! �� �� $� #�
& �$ # ��� �� �$ $� �#
�� $� �(
�� �� �� ��� $� �$ ���
�� $� �� ���
�$ �� $ ��� $� �� ���
�� $� �& ���
�� $� �$ ���
�& $� �� ���
�� $� ! ���
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Mnoho�leny nad t�lesem GT��� � �

K�dy a mnoho�leny

mnoho�leny nad t�lesem GT����

P��� C�x� 	 cn��x
n��� � � �� c�x� c�

ci � GT��� x � 
 � ���

Mnoho�leny stupn� � n�

� vektorov
�line�rn� prostor
�bez skal�rn�ho sou�inu�

� izomorfn� s prostorem uspo��dan
ch ntic�

cn��x
n��� � � �� c� � �cn��� � � � � c��

p��� n 	 � x��x	�x�� � �������

� izomor�e � jen� sou�et � n�soben� skal�rem

Mnoho�leny�

� n�soben� a d�len� mnoho�len� � obv
 postup

� analogie s okruhem cel
ch ��sel � d�litelnost

NLP������ Cykl� k� � � �	
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Mnoho�leny nad t�lesem GT��� � �

N�soben� mnoho�len�

P��� B�x� 	 G�x��A�x� 	 �x	�x��� � �x	�x�

��x����x����x����x� G�x��x	

��x����x����x����x� G�x���

��x����x����x����x G�x��x

��x����x����x�� G�x���

��x����x����x����x����x����x�� 	 B�x�

�zkr�cen
 z�pis�� � � � � � � � � �

� � � �
� � � �
� � � �

� � � �

� � � � � � � � b 	 g � a
�zde � neozna�uje skal�rn� sou�in��
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��
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Mnoho�leny nad t�lesem GT��� � 


D�len� mnoho�len�

P��� C�x� 	 x��x��x G�x� 	 x��x��

��x����x����x����x����x����x�� �� ��x�

��x����x����x����x� ��

��x����x����x����x� �� ��x�

��x����x����x����x� ��

��x����x����x����x �� ��x

��x����x����x����x ��

��x����x����x�� �� �

��x����x����x�� ��

��x����x��

� �

zbytek C�x� � G�x� 	 x��

pod�l C�x� 	 G�x� 	 x��x�� 


�zkr�cen
 z�pis��
� � � � � � �

C�x� � �������

G�x� � ����

C�x� � G�x� � ����

C�x� 	 G�x� � ���
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Mnoho�leny nad t�lesem GT��� � �

D�len� mnoho�len	 �

P��� C�x� � G�x�

C�x� 	 x��x��x 	 c
x

� � � �� c�

G�x� 	 x��x�� 	 g	x
	� � � �� g�

� � � � � � � � � � � � 	 � � � �
� � � � � j j

� � � � � j j
� � � � � j

� � � � � j
� � � � �

� � � � �
� � � �

� � � �
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Mnoho�leny nad t�lesem GT��� � 	

D�litelnost mnoho�len�

deg P �x� � stupe� mnoho�lenu P �x�

deg � 	 �� ���

deg �P �x��G�x�� 	 deg P �x� � deg G�x�

G�x� 
� �

deg �P �x��G�x�� � deg G�x�

deg �P �x�	G�x�� 	 deg P �x� � deg G�x�

P �x��G�x� 	 � 
� G�x� j P �x�


� 
� G�x� 
 j P �x�

G�x� j P �x� 
� �Y �x� P �x� 	 G�x��Y �x�

G�x� je d�litelem P �x�

nerozlo�iteln
 �ireducibiln�� mnoho�len P �x��

nem� jin d�litele ne� � a P �x� pro GT����

obdoba prvo��sel

rozklad na prvo�initele je jednozna�n


prvo�initel 	 nerozlo�iteln
 mnoho�len

P��� x� � � 	 �x��x���� � �x��x��� � �x���
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K�dy generovan� mnoho�lenem� �

K�dy generovan� mnoho�lenem

G�x� 	 xm � gm��x
m�� � � � �� g�x � �

m 	 deg G�x� � �

G�x� � � � generovac� mnoho�len

A�x� � a � � � k bit� �� k�� � deg A�x�

B�x� 	 A�x� � G�x�

B�x� � b � � � n bit� �� n�� � deg B�x�

n � k�m

m 	 deg G�x� � � � redundance

P��� G�x� 	 x	�x�� a 	 ���� b 	 �������

�viz p�
 na n�soben� mnoho�len��

Pozorov�n�� x j G�x� �� B�x� 	 B��x� � x

�� b 	 x� � � x�

Z�v�r� mus� platit x 
 j G�x�
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K�dy generovan� mnoho�lenem� �

Pozorov�n��

A�x� � ak��x
k��� � � �� a�

A�x� �G�x� 	 ak�� �G�x� �x
k���� � � �a� �G�x�

G�x� �xk��! � � � ! G�x� � line�rn� nez�visl 

� b�ze line�rn�ho prostoru

A�x� �G�x� � v"echny line�rn� kombinace

Z�v�r� K#d generovan
 mnoho�lenem je line�rn�

G 	

�
BBB�

gm gm�� 
 
 
 �
� gm 
 
 
 �








 � � �





� � 
 
 
 g�

�
CCCA

P��� G�x� 	 x	�x��

G 	

�
B�

� � � � � � �
� � � � � � �
� � � � � � �
� � � � � � �

�
CA

�kol� Ov��te� �e k�dy generovan� mnoho�lenemG�x� a

matic� G jsou stejn�
 Najd�te kontroln� matici H a v�im�

n�te si� �e je to matice Hammingova k�du �����
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K�dy generovan� mnoho�lenem� 


B�x� � b � � � vyslan slovo

C�x� � c � � � p�ijat slovo

E�x� � e � � � chybov
 mnoho�len

C�x� 	 B�x� � E�x�

S�x� 	 C�x� � G�x� � � � syndrom

B�x� � G�x� 	 �

S�x� 	 E�x� � G�x�

syndrom z�vis� pouze na chyb�ch

E�x� 	 E��x� �xj x 
 j E��x�

E�x� � � � shluk chyb d lky l 	 �deg E��x����

P��� E�x� � ������� � � � shluk chyb d lky $

E��x� � ����� j 	 �

deg E��x� 	 �
detekce chyb� S�x� 	 E�x� � G�x� 	 � 


x 
 j G�x� �� xj nem� vliv

E��x� � G�x� 	 � 


E��x� 
� � � deg E��x� � deg G�x� ��

�� E��x� � G�x� 
� �! tedy�

detekce shluk� chyb d lky l � m � deg G�x�

P��� G�x� 	 x���� �� l � ��
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Cyklick� k�dy � �

Cyklick� k�dy

��� line�rn� k#dy

��� cyklick
 posuv k#dov ho slova� k#dov slovo

P��� K� � cyklick
 �viz B
 k
 � ��

K� � nespl�uje ���

K� � nespl�uje ���

d�le p�edp�� G�x� j �xn � ��! tzn��

�H�x� G�x� �H�x� 	 xn � �

H�x� � kontroln� mnoho�len
�m� podstatn� men�� v�znam ne� kontroln� matice�

Pozorov�n��

B�x� 	 bn��x
n��� � � �� b� 	 G�x� �A�x�

cykl� pos� vlevo�

B��x� 	 B�x� �x � bn�� � x
n � bn�� 	

	 B�x� �x � bn�� � �x
n � �� 	

	 A�x� �G�x� �x � bn�� �G�x� �H�x� 	

	 %A�x� � x � bn�� �H�x�& �G�x�

Z�v�r� Mnoho�len G�x� generuje cyklick
 k#d

P��� G�x� 	 x	�x�� G�x� j �x� � ��

k#d ��!$� generovan
 G�x� je cyklick
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Cyklick� k�dy � �

K � cyklick
 k#d �� � K'�

� k#dy K a K'� stejn� mno�ina k#dov
ch slov

� k#d K'� generov�n mnoho�lenem G�x�

� G�x� 
� � � � � nejni�"� stupe�

P��� k#d K� je cyklick
 �viz B
 k
 � ��

k#d K�'� G�x� 	 x � �

t�� mno�ina k#dov
ch slov�

f ���! ���! ���! ��� g

NLP������ Cykl� k� � �� �

��
���� c� A
 Pluh��ek

Cyklick� k�dy � 


Systematick� cyklick� k�dy

B�x� 	 A�x� � G�x� � k#d nen� systematick

�existuj� v�jimky�

Systematick
 k#d�

B�x� 	 A�x� � xm � A�x� � xm�G�x� !

kde m 	 deg G�x�

P��� G�x� 	 x	�x��

A�x� � ����

A�x� �x� � ���� ���

A�x� �x� � G�x� � ���

B�x� � ���� ���

��� Mno�ina k#dov
ch slov je u obou k#d� stejn� ���
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Cyklick� k�dy � �

N�kter� cyklick� k�dy�
� G�x� � x� �

B�x� 	 G�x� � A�x�

x 	 � �� G�x� � G��� 	 � �� B�x� 	 �

�� B�x� � bn��� � � �� b� 	 �

�� parita �sud��

� G�x� � xm � �

xm � � mod G�x� � � � kongruence
stejn� zbytek po d�len�

C�x� � Cj�x� � �x
m�j � � � �� C��x� � �x

m��

C�x� � Cj�x� � � � �� C��x� mod G�x�

�� �pod ln�� parita mtic bit� �sud��

� Hammingovy k#dy nap�
�

G�x� 	 x� � x� � k#d ��!$�

G�x� 	 x� � x� � k#d ��(!���

G�x� 	 x� � x� � � k#d ���!���

� BCH k#dy �viz line�rn� k�dy�

� RS k#dy Reed ) Solomon

� Fireovy k#dy
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Fireovy k�dy � �

��d r mnoho�lenu P �x� je nejmen"� takov r! �e

P �x� j �xr � ��

P��� ��d x	�x�� je roven � �ale stupe� je roven 	�

xi � � j xj � � 
� i j j

� shluky chyb E��x� a E��x�

E��x� 	 E��x� �xi x 
 j E��x�

E��x� 	 E���x� � xj x 
 j E���x�

deg E��x� � deg E���x� � q

j � i

ot�zka� Kdy E��x� � E��x� mod xq��

�vahy� E��x� � E��x� � � mod xq��

�E��x��E���x� �xj�i� �xi � � mod xq��

xi neobsahuje prvo�initele xq��

E��x��E���x� �xj�i� � mod xq��

odpov�*� Pr�v� kdy� E��x� 	 E���x� a q j j�i

� E��x� 	 E��x� 	 E���x�

deg E��x� � deg P �x� a P �x� m� ��d r

ot�zka� Kdy E��x� � �xj�i � �� � � mod P �x�

odpov�*� Pr�v� kdy� r j j�i
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Fireovy k�dy � �

Fireovy k�dy

P �x� � � � nerozlo�iteln
 mnoho�len ��du r

Q�x� 	 xq�� � q a r nesoud�ln ��

p 	 deg P �x� q 	 deg Q�x�

n 	 NSN �q! r� nejmen�� spole�n� n�sobek

G�x� 	 P �x� �Q�x�

generovac� mnoho�len nbitov ho Fireova k#du

l�� l�

�
l� � l� � q��

l� � p

detekce shluk� chyb d lky � l�
oprava shluk� chyb d lky � l�

P��� P �x� 	 x��x�� �� p	� r	�

Q�x� 	 x(�� �� q	( q 
 j p

n 	 �( l� 	 l� 	 �

nebo l�  � l�  �

anebo l�  � l�  �
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Fireovy k�dy � 


Prodlou	en� Fireovy k�dy

M�sto jednoho mnoho�lenu P �x� se pou�ije n�kolik

mnoho�len� P ��x�! P ��x�! � � �

D lka k#dov ho slova� n 	 NSN �q! r�! r�! � � � �!

kde r�! r�! � � � jsou ��dy P ��x�! P ��x�! � � �

P��� P ��x� 	 x���x��x��x��

P ��x� 	 x���x���� � ��x��

P 	�x� 	 x���x+�x��x��x(�x��

Q�x� 	 x����

G�x� 	 P ��x� � P ��x� � P 	�x� � Q�x�

k#d �((, $$�! ((, �,��! tzn� m	(�

shluky d lky � ��
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Oprava shluku chyb

�princip Meggittova dekod ru�

cyklick
 k#d� �H�x� G�x� �H�x� 	 xn � �

xn 	 G�x� �H�x� � �

syndrom� S�x� 	 E�x� � G�x�

shluk chyb� E�x� 	 E��x� �xj x 
 j E��x�

E�x� � xn�j 	 E��x� �xn

E�x� � xn�j 	 E��x� �G�x� �H�x� �

� E��x�

E�x� � xn�j � E��x� mod G�x�

S�x� �xn�j � E��x� mod G�x�

deg E��x� � deg G�x�

E��x� 	 �S�x� � xn�j� � G�x�

oprava
 Po��t� se S�x�! S�x� � x! S�x� �x�!

atd�! dokud nen� v
sledkem mnoho�len! kter
 p��-

slu"� opraviteln chyb�� V
sledn
 mnoho�len je roven

E��x� a po�et proveden
ch krok� ur�uje hodnotu j�
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